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Description 
[CHARGE-PUMP CIRCUITRY] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92136375, filed December 22, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a charge-pump circuitry, 
and more particularly, to a charge-pump circuitry which 
directly outputs a target voltage. 

[0004] Description of the Related Art 

[0005] it is common that a system comprises multiple ICs which 
provide different functions, and some IC can operate nor- 
mally only under a voltage potential higher than the ex- 
ternal voltage source provided to the system. Therefore, it 
is common that the system uses a charge-pump circuitry 
to pull up the voltage potential of the external voltage 
source to a voltage potential required by these special ICs 



for supporting the normal operation of these ICs. 
[0006] FIG. 1A is a schematic circuit diagram of a conventional 

regulated charge-pump circuitry. Referring to FIG. 1A, the 
conventional regulated charge-pump circuitry is com- 
posed of a voltage multiplier module 100 and an opera- 
tional amplifier 109. The voltage multiplier module 100 
comprises dual port switches 101, 103, 105, 107 and ca- 
pacitors 111, 113. Wherein, two terminals of the capacitor 
111 electrically couple to the dual port switch 101 and the 
dual port switch 103, respectively. One terminal of the 
dual port switch 101, which is disposed opposite to the 
capacitor 111, receives an external voltage source VDD, 
and one terminal of the dual port switch 103 opposite to 
the capacitor 111 is grounded. One terminal of the dual 
port switch 105 electrically couples to the capacitor 111 
and the dual port switch 101, and the other terminal of 
the dual port switch 105 electrically couples to the capac- 
itor 113 and a voltage regulator 110 which is composed 
of the operational amplifier 109. One terminal of the dual 
port switch 107 electrically couples to the capacitor 111 
and the dual port switch 103, and the other terminal of 
the dual port switch 107 receives the external voltage 
source VDD. 



[0007] Referring to FIG. 1A, the "turn-on" cycles of the dual port 
switch 101, 103 are the same and not overlapped with the 
"turn-on" cycles of the dual port switch 105, 107. In addi- 
tion, the "turn-on" cycle of the dual port switch 107 leads 
the "turn-on" cycle of the dual port switch 105 a certain 
period of time. When the dual port switches 101, 103 are 
turned on, the capacitor 111 is being charged to a poten- 
tial of the external voltage source VDD. After the charge 
of the capacitor 111 is completed, the dual port switches 
101, 103 are turned off. Then, the dual port switch 107 is 
turned on first, and the dual port switch 105 is turned on 
subsequently. Meanwhile, the voltage potential on a posi- 
tive voltage terminal 13 of the capacitor 111 is two times 
of the potential of the external voltage source VDD, and 
the voltage is entirely charged to the capacitor 113. 

[0008] Referring to FIG. 1A, an example is used for explanation 
hereinafter. It is assumed that the external voltage source 
VDD is 4V, and finally the target voltage output from the 
output terminal V is 5V. The voltage multiplier module 
in the conventional regulated charge-pump circuitry of 
FIG. 1A pulls up the external voltage source VDD from 4V 
to 8V first, and sends the pulled-up voltage to the voltage 
regulator 110, and a 5V voltage is output from the output 



terminal V via the voltage regulator 110. Therefore, in 

out 

theory, the optimum efficiency of the conventional regu- 
lated charge-pump circuitry is 62.5% (i.e. 5V/8V=0.625). 
In other words, only 5V out of 8V is used, and the rest 3V 
is wasted. 

[0009] FIG. IB is a schematic circuit diagram of another conven- 
tional regulated charge-pump circuitry. Referring to the 
circuit diagram in FIG. IB, a comparator 121 is used to re- 
place the operational amplifier 109 in FIG. 1A. This con- 
ventional regulated charge-pump circuitry is character- 
ized in that a control signal is output from an output ter- 
minal of the comparator 121 for controlling the dual port 
switches 101, 103, 105, 107. Its operating principle is 
similar to the conventional regulated charge-pump cir- 
cuitry in FIG. 1A. More particularly, when the capacitor 
111 has been charged to the voltage potential of the ex- 
ternal voltage source VDD, the comparator 121 controls 
the dual port switches 101, 103 to turn off, and when the 
voltage potential on the output terminal V reaches the 

out 

target voltage, the comparator 121 sends out a control 
signal to control the dual port switches 105, 107 to turn 
off. Thus, in theory, no power is wasted on the output ter- 
minal. However, when all dual port switches 101, 103, 



105, 107 are turned off, there may be still some charges 
remaining inside the capacitor 111. Since these charges 
are totally isolated in the capacitor 111 and cannot not be 
discharged even when time passed by, a power loss is 
generated accordingly. 
[0010] | n summary, the conventional regulated charge-pump cir- 
cuitry uses a voltage multiplier module to pull up an ex- 
ternal voltage source first, and the pulled-up voltage is 
then sent to a voltage regulator for generating a target 

voltage. 
Summary of Invention 

[0011] Therefore, it is an object of the present invention to pro- 
vide a charge-pump circuitry, which generates a target 
voltage directly from its output terminal without passing 
through a voltage regulator. 

[0012] | n order to achieve the object mentioned above and oth- 
ers, a charge-pump circuitry which receives an external 
voltage source to generate a target voltage is provided by 
the present invention. The charge-pump circuitry of the 
present invention comprises a voltage multiplier module, 
a voltage difference generating circuitry, and a first ca- 
pacitor. Wherein, the voltage multiplier module comprises 
an input terminal and an output terminal, and its first in- 



put terminal receives an external voltage source. The volt- 
age multiplier module generates a multiplied-voltage ac- 
cording to the external voltage source, and the voltage 
potential of the multiplied-voltage is a predetermined 
times of the voltage potential of the external voltage 
source. In addition, the voltage difference generating cir- 
cuitry generates a correcting voltage, which is sent to a 
terminal on the output terminal side of the voltage multi- 
plier module. The voltage potential of the correcting volt- 
age is the potential difference between the target voltage 
and the multiplied-voltage. One terminal of the first ca- 
pacitor mentioned above electrically couples to an output 
terminal of the voltage multiplier module, and the other 
terminal of the first capacitor is grounded. The voltage 
multiplier module adds a voltage potential of the multi- 
plied-voltage to a voltage potential of the correcting volt- 
age, and sends a voltage of the summation result to the 
first capacitor from its output terminal. 
[0013] The voltage difference generating circuitry comprises an 
operational amplifier, a first resistor, a second resistor, 
and a third resistor. The operational amplifier comprises a 
negative signal input terminal, a positive signal input ter- 
minal, and an output terminal. Wherein, its positive signal 



input terminal receives a reference voltage, and its output 
terminal electrically couples to a second input terminal of 
the voltage multiplier module. One terminal of the first 
resistor electrically couples to the negative signal input 
terminal of the operational amplifier, and the other termi- 
nal of the first resistor receives an external voltage 
source. Similarly, one terminal of the second resistor elec- 
trically couples to the negative signal input terminal of the 
operational amplifier, and the other terminal of the sec- 
ond resistor is grounded. In addition, one terminal of the 
third resistor electrically couples to the negative signal in- 
put terminal of the operational amplifier, and the other 
terminal of the third resistor electrically couples to the 
output terminal of the operational amplifier. 
[0014] | n addition, the voltage multiplier module comprises a 
first switch circuit, a second switch circuit, and a second 
capacitor. Wherein, the first switch circuit comprises a 1 st 
terminal, a 2 nd terminal, a 3 rd terminal, and a 4 th terminal. 
The 1 st terminal receives the external voltage source, and 
the 2 nd terminal is grounded. One terminal of the second 

rd 

capacitor electrically couples to the 3 terminal of the 
first switch circuit, and the other terminal electrically cou- 

th 

pies to the 4 terminal of the first switch circuit. Similarly, 



the second switch circuit comprises a 5 terminal, a 6 
terminal, a 7 th terminal, and an 8 th terminal. The 5 th ter- 

rd 

minal electrically couples to the 3 terminal of the first 

th t 

switch circuit, the 6 terminal electrically couples to the 4 

th th 

terminal of the first switch circuit, and the 7 and 8 ter- 
minals electrically couple to the output terminals of the 
voltage multiplier module. In summary, the function of the 
first switch circuit is to determine whether to have the ex- 
ternal voltage source pass through to charge the second 
capacitor. The second switch circuit is used to determine 
whether to have the target voltage pass through to charge 
the first capacitor. 

[0015] a summation of a potential stored by the second capacitor 
and a potential of the correcting voltage is the voltage po- 
tential of the target voltage mentioned above. 

[0016] The first switch circuit comprises a first dual port switch 
and a second dual port switch, wherein one terminal of 
the first dual port switch electrically couples to the 1 st ter- 
minal of the first switch circuit, and the other terminal of 

rd 

the first dual port switch electrically couples to the 3 of 
the first switch circuit. One terminal of the second dual 

nd 

port switch electrically couples to the 2 terminal of the 
first switch circuit, and the other terminal of the second 



dual port switch electrically couples to the 4 terminal of 
the first switch circuit. Therefore, the first and second 
dual port switches are used to determine whether to have 
the external voltage source pass through to charge the 
second capacitor. 
[° 017 ] Similarly, the second switch circuit comprises a third dual 
port switch and a fourth dual port switch, wherein one 
terminal of the third dual port switch electrically couples 

th 

to the 5 terminal of the second switch circuit, and the 
other terminal of the third dual port switch electrically 

th 

couples to the 7 terminal of the second switch circuit. 
One terminal of the fourth dual port switch electrically 

th 

couples to the 6 terminal of the second switch circuit, 
and the other terminal of the fourth dual port switch elec- 

th 

trically couples to the 8 terminal of the second switch 
circuit. Therefore, the third and fourth dual port switches 
are used to determine whether to have the correcting 
voltage pass through to charge the first capacitor. 
[0018] wherein, the "turn-on" and "turn-off" cycles of the first 
dual port switch and the second dual port switch is re- 
ferred as a first clock cycle, the "turn-on" and "turn-off 
cycles of the third dual port switch is referred as a second 
clock cycle, and the "turn-on" and "turn-off" cycles of the 



fourth dual port switch is referred as a third clock cycle. 
During the duty cycle of the first clock cycle, the second 
clock cycle, and the third clock cycle, the first dual port 
switch, the second dual port switch, the third dual port 
switch, and the fourth dual port switch are all turned on. 

[0019] The duty cycle of the first clock cycle is not overlapped 

with the duty cycle of the second clock cycle, and the duty 
cycle of the first clock cycle is not overlapped with the 
duty cycle of the third clock cycle, neither. In addition, the 
duty cycle of the third clock cycle leads the duty cycle of 
the second clock cycle a certain period of time. 

[0020] According to another aspect of the present invention, the 
charge-pump circuitry of the present invention provides a 
different type of the voltage multiplier module. Wherein, 
the first switch circuit still comprises a first dual port 
switch and a second dual port switch. One terminal of the 
first dual port switch electrically couples to the 1 st termi- 
nal of the first switch circuit, and the other terminal of the 

rd 

first dual port switch electrically couples to the 3 termi- 
nal of the first switch circuit. One terminal of the second 
dual port switch electrically couples to the 2 terminal of 
the first switch circuit, and the other terminal of the sec- 

th 

ond dual port switch electrically couples to the 6 termi- 



nal of the first switch circuit. Similarly, the first and sec- 
ond dual port switches are used to determine whether to 
have the external voltage source pass through to charge 
the second capacitor. 
[0021] | n addition, the second switch circuit also comprises a 

third dual port switch and a fourth dual port switch. One 
terminal of the third dual port switch electrically couples 

th 

to the 5 terminal of the second switch circuit, and the 
other terminal of the third dual port switch electrically 

th 

couples to the 7 terminal of the second switch circuit. 
One terminal of the fourth dual port switch electrically 

th 

couples to the 4 terminal of the second switch circuit, 
and the other terminal of the second dual port switch 

th 

electrically couples to the 8 terminal of the second 
switch circuit. Similarly, the third and fourth dual port 
switches are used to determine whether to have the cor- 
recting voltage pass through to charge the first capacitor. 
[0022] wherein, the "turn-on" and "turn-off" cycles of the first 
dual port switch and the second dual port switch is re- 
ferred as a first clock cycle, the "turn-on" and "turn-off 
cycles of the third dual port switch is referred as a second 
clock cycle, and the "turn-on" and "turn-off" cycles of the 
fourth dual port switch is referred as a third clock cycle. 



During the duty cycle of the first clock cycle, the second 
clock cycle, and the third clock cycle, the first dual port 
switch, the second dual port switch, the third dual port 
switch, and the fourth dual port switch are all turned on. 

[0023] The duty cycle of the first clock cycle is not overlapped 

with the duty cycle of the second clock cycle, and the duty 
cycle of the first clock cycle is not overlapped with the 
duty cycle of the third clock cycle, neither. In addition, the 
duty cycle of the second clock cycle leads the duty cycle of 
the third clock cycle a certain period of time. 

[0024] | n summary, the charge-pump circuitry of the present in- 
vention pulls up the external voltage source to a prede- 
termined times of voltage potential, and adds the pulled- 
up voltage to a correcting voltage for generating a target 
voltage directly without having to pass through a voltage 
regulator. In the present invention, if all elements are in 
ideal condition, the efficiency of the charge-pump cir- 
cuitry of the present invention is up to 100%. 
Brief Description of Drawings 

[0025] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention, and to- 



gether with the description, serve to explain the principles 
of the invention. 

[0026] FIG. 1A is a schematic circuit diagram of a conventional 
regulated charge-pump circuitry. 

[0027] FIG. IB is a schematic circuit diagram of another conven- 
tional regulated charge-pump circuitry. 

[0028] FIG. 2 is a schematic block diagram of a charge-pump cir- 
cuitry according to a preferred embodiment of the present 
invention. 

[0029] FIG. 3 is a schematic circuit diagram of a voltage differ- 
ence generating circuitry according to a preferred embod- 
iment of the present invention. 

[0030] FIG. 4A is a schematic circuit diagram of a voltage multi- 
plier module according to a preferred embodiment of the 
present invention. 

[0031] FIG. 4B is a schematic circuit diagram of another voltage 

multiplier module according to a preferred embodiment of 

the present invention. 
Detailed Description 

[0032] FIG. 2 is a schematic block diagram of a charge-pump cir- 
cuitry according to a preferred embodiment of the present 
invention. The charge-pump circuitry of the present in- 
vention is composed of a voltage multiplier module 2 10 



and a voltage difference generating circuitry 220. One ter- 
minal 25a in the input terminal 25 of the voltage multi- 
plier module 210 receives an external voltage source VDD, 
and the other terminal is grounded. In addition, one ter- 
minal 23b in the output terminal 23 of the voltage multi- 
plier module 210 electrically couples to the voltage differ- 
ence generating circuitry 220, and the other terminal 23a 
electrically couples to a capacitor 201. 
[0033] Referring to FIG. 2, the voltage multiplier module 210 
generates a potential of the multiplied-voltage V 2 on an 
output terminal 23 according to the voltage potential of 
the external voltage source VDD, and the potential of the 
multiplied-voltage V 2 is a predetermined times of a po- 
tential difference between the external voltage source 
VDD and the ground voltage. In the present embodiment, 
the predetermined number of times is equal to 1. More- 
over, the voltage difference generating circuitry 220 also 
generates a correcting voltage V , which is sent to the 
voltage multiplier module 210 through a terminal 23b of 
the output terminal 23. The voltage potential of the cor- 
recting voltage V is the result voltage of subtracting the 
potential of the multiplied-voltage from a potential differ- 
ence between the target voltage V and the ground 

target 



voltage. 

[0034] | t j S expected in the charge-pump circuitry of the present 
invention that the voltage multiplier module can generate 
a potential of multiplied-voltage V 2 on the output termi- 
nal 23 according to a potential difference between the ex- 
ternal voltage source VDD and the ground voltage, and a 
voltage potential of the correcting voltage V generated by 
the voltage difference generating circuitry 220 is added to 
it, so as to finally obtain a desired target voltage V 

[0035] FIG. 3 is a schematic circuit diagram of a voltage differ- 
ence generating circuitry according to a preferred embod- 
iment of the present invention. Referring to FIG. 3, the 
main purpose of the voltage difference generating cir- 
cuitry 220 is to generate a correcting voltage V , and the 
voltage potential of the correcting voltage V is a potential 
difference between the target voltage V and the mul- 

target 

tiplied-voltage V^. It will be apparent to one of the ordi- 
nary skill in the art that such object also can be achieved 
by using other circuitries. An embodiment in FIG. 4 is 
used as an example of the present invention for explana- 
tion hereinafter. In FIG. 4, the operational amplifier is 
connected in a style of negative-feedback, wherein one 
terminal of the first resistor Rl receives the external volt- 



age source VDD, and the other terminal of the first resis- 
tor Rl electrically couples to the negative signal input ter- 
minal of the operational amplifier 401. One terminal of 
the second resistor R2 electrically couples to the negative 
signal input terminal, and the other terminal is grounded. 
In addition, one terminal of the third resistor R3 electri- 
cally couples to the negative signal input terminal of the 
operational amplifier 401, the other terminal of the third 
resistor R3 electrically couples to an output terminal V of 
the operational amplifier 401, and the output terminal V 
electrically couples to the second input terminal 23 of the 
voltage multiplier module 210. In addition, the positive 
signal input terminal of the operational amplifier 401 re- 
ceives a reference voltage V whose potential is constant. 
[0036] Referring to FIG. 3, assuming that the operational ampli- 
fier 401 is in ideal condition, the output voltage at the 
output terminal V of the operational amplifier 401 is: 



R1R2 + R2R3 + RIR3 mD R3 

,ef R\R2 R\ 



[0037] Meanwhile, if the resistance of the first resistor Rl is 



signed to be equal to the resistance of the third resistor 
R3, the equation (1) becomes: 



(2) 



If the first resistor Rl and the second resistor R2 are 
modified as V (2 R2 + R1)/R2=V , the equation (2) 

ref target 

becomes: 



v =V, , -VDD 

1 |args| 



[0039] Accordingly, the correcting voltage V is obtained, and it 



is sent to the voltage multiplier module 210 in FIG. 2. 
[0040] FIG. 4A is a schematic circuit diagram of a voltage multi- 
plier module according to a preferred embodiment of the 
present invention. Referring to FIG. 4A, the voltage multi- 
plier module 210 comprises a first switch circuit 310 and 
a second switch circuit 320. A 1 st terminal of the first 
switch circuit 310 is one terminal 25a in the input termi- 
nal 25 of the voltage multiplier module 210, and a 2 
terminal of the first switch circuit 310 is the other termi- 
nal 25b in the input terminal 25 of the voltage multiplier 
module 210. In addition, a 3 rd terminal 31a of the first 

th 

switch circuit 310 electrically couples to a 5 terminal 35a 

th 

of the second switch circuit 320, a 4 terminal 33a of the 

th 

first switch circuit 310 electrically couples to the 6 ter- 
minal 37a of the second switch circuit 320. A capacitor 39 

rd 

electrically couples to a conjunction node of the 3 termi- 
nal 31a and 4 th terminal 33a of the first switch circuit 
310. 

[0041] jo De more specific, the first switch circuit 310 is mainly 
composed of a first dual port switch 31 and a second dual 
port switch 33. One terminal of the first dual port switch 
31 electrically couples to one terminal 25a in the input 
terminal 25 of the voltage multiplier module 210, and the 



other terminal of the first dual port switch 31 electrically 

rd 

couples to the 3 terminal 31a of the first switch circuit 
310. In addition, one terminal of the second dual port 
switch 33 electrically couples to the other terminal 25b in 
the input terminal 25 of the voltage multiplier module 
210, and the other terminal of the second dual port switch 

th 

33 electrically couples to the 4 terminal 33a of the first 
switch circuit 310. The "turn-on" and "turn-off" cycles of 
the first dual port switch 31 is synchronized with the 
"turn-on" and "turn-off" cycles of the second dual port 
switch 33 and referred as a first clock cycle herein. During 
the duty cycle of the first clock cycle, the first dual port 
switch 31 and the second dual port switch 33 are turned 
on. 

[0042] Referring to FIG. 4A, the second switch circuit 320 further 
comprises a 7 th terminal and an 8 th terminal. The 7 th ter- 

th 

minal and the 8 terminal of the second switch circuit 
320 are the output terminals 23 of the voltage multiplier 
module 210. Similarly, the second switch circuit 320 is 
mainly composed of a third dual port switch 35 and a 
fourth dual port switch 37. One terminal of the third dual 

th 

port switch 35 electrically couples to the 5 terminal 35a 
of the second switch circuit 320, and the other terminal of 



the third dual port switch 35 electrically couples to one 
terminal 23a in the output terminal 23 of the voltage mul- 
tiplier module 210. In addition, one terminal of the fourth 

th 

dual port switch 37 electrically couples to the 6 terminal 
37a of the second switch circuit 320, and the other termi- 
nal of the fourth dual port switch 37 electrically couples to 
the other terminal 23b in the output terminal 23 of the 
voltage multiplier module 210. 
[0043] wherein, the "turn-on" and "turn-off" cycles of the third 
dual port switch 35 is referred as a second clock cycle, 
and the "turn-on" and "turn-off cycles of the fourth dual 
port switch 37 is referred as a third clock cycle. During 
the duty cycle of the second clock cycle and the third 
clock cycle, the third dual port switch 35 and the fourth 
dual port switch 37 are turned on. In the present embodi- 
ment, the duty cycle of the third clock cycle leads the duty 
cycle of the second clock cycle a certain period of time, 
and the duty cycle of the second clock cycle and the third 
clock cycle is not overlapped with the duty cycle of the 
first clock cycle. In other words, when the first dual port 
switch 31 and the second dual port switch 33 are turned 
on, the third dual port switch 35 and the fourth dual port 
switch 37 are turned off. In addition, when the fourth dual 



port switch 37 is turned on, the first dual port switch 31 
and the second dual port switch 33 are turned off, and the 
third dual port switch 35 is turned on only after the fourth 
dual port switch 37 has been turned on for a certain pe- 
riod of time and before the fourth dual port switch 37 is 
turned off. 

[0044] Referring to FIG. 4A, when the first dual port switch 31 

and the second dual port switch 33 are turned on, the ex- 
ternal voltage source VDD continuously charges to the ca- 
pacitor 39 until the voltage difference between both ter- 
minals of the capacitor 39 is equal to the voltage differ- 
ence between the external voltage source VDD and the 
ground voltage. Meanwhile, the capacitor 39 operates like 
another external voltage source VDD, and the potential 
difference between both terminals of the capacitor 39 is 
defined as a multiplied-voltage M^. After the charge of the 
capacitor 39 is completed, the first dual port switch 31 
and the second dual port switch 33 are turned off, then 
the fourth dual port switch 37 is turned on first for con- 
necting one terminal 23b of the output terminal 23, and 
the third dual port switch 35 is subsequently turned on, 
such that the voltage difference generating circuitry can 
charge the capacitor 201. After the charge of the capacitor 



201 is completed, the voltage potential on its both termi- 
nals to the ground is V + V =VDD+ V =VDD+ V 

2 1 1 target 

VDD, which is equal to the target voltage v target - 
[0045] FIG. 4B is a schematic circuit diagram of another voltage 

multiplier module according to a preferred embodiment of 
the present invention. Referring to FIG. 4B, the only differ- 
ence in the present embodiment is that the second dual 
port switch 33 and the fourth dual port switch 37 are 
swapped with each other. To be more specific, one termi- 
nal of the fourth dual port switch 37 still electrically cou- 
ples to one terminal 23b in the output terminal 23 of the 
voltage multiplier module 210, but the other terminal of 

th 

the fourth dual port switch 37 electrically couples to the 4 
terminal 33a. In addition, one terminal of the dual port 
switch 33 still electrically couples to one terminal 25b in 
the input terminal 25 of the voltage multiplier module 
210, but the other terminal of the second dual port switch 

th 

33 electrically couples to the 6 terminal 37a. Besides 
this, all other connections and the operating principle of 
the entire voltage multiplier module 210 are the same as 
in the previous embodiment, thus its detail description is 
omitted herein. 

[0046] The embodiments shown in FIG. 4A and 4B above is a 



voltage multiplier module with a multiplier of 1. However, 
the voltage multiplier module of the present invention is 
not necessarily limited by it. The multiplier of the voltage 
multiplier module can be appropriately designed by the 
ordinary skill in the art according to different physical op- 
erating voltage requirements of different ICs. 
[0047] | n summary, the charge-pump circuitry of the present in- 
vention adds the multiplied-voltage to the correcting volt- 
age for directly generating a desired target voltage with- 
out passing through the voltage regulator. Therefore, 
there is no electrical energy loss. If all the elements in the 
present invention are in ideal condition, the electrical en- 
ergy used by it is up to 100%. Even in the physical envi- 
ronment, the efficiency of the present invention is still 
very high. 

[0048] Although the invention has been described with reference 
to a particular embodiment thereof, it will be apparent to 
one of the ordinary skill in the art that modifications to 
the described embodiment may be made without depart- 
ing from the spirit of the invention. Accordingly, the scope 
of the invention will be defined by the attached claims not 
by the above detailed description. 



